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(54) ZnO-based thin film for photovoltaic cell and method of its manufacturing on a substrate

(57) A zinc oxide (ZnO) thin film and its method of
manufacturing on a substrate for a photovoltaic cell, in
which the high optical characteristic in a long-wavelength
range available for the photovoltaic cell can be main-
tained, and at the same time, the amount of hazing can

be increased. The method includes the step of forming
a zinc oxide layer doped with a dopant on a transparent
substrate, and the step of controlling the surface structure
of the zinc oxide thin film layer by etching the zinc oxide
thin film layer using hydrogen plasma.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority from Ko-
rean Patent Application Number 10-2011-0037891 filed
on April 22, 2011, the entire contents of which application
are incorporated herein for all purposes by this reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a method of
manufacturing a substrate for a photovoltaic cell, and
more particularly, to a method of manufacturing a sub-
strate for a photovoltaic cell, in which the high optical
characteristic in a long-wavelength range available for
the photovoltaic cell can be maintained, and at the same
time, the amount of hazing can be increased.

Description of Related Art

[0003] Recently, as a measure against the shortage
of energy resources and environmental pollution, the de-
velopment of photovoltaic cells is underway on a large
scale. A photovoltaic cell is a key device for photovoltaic
power generation that directly converts solar energy into
electric energy. Photovoltaic cells are currently being ap-
plied in a variety of fields, including the supply of elec-
tricity to electrical and electronic products, houses and
buildings as well as industrial power generation. The
most basic structure of such photovoltaic cells is a P-N
junction diode. Photovoltaic cells are divided into a vari-
ety of types, for example, a silicon (Si) photovoltaic cell,
a chemical photovoltaic cell, a dye-sensitized photovolta-
ic cell, and a tandem photovoltaic cell, depending on the
material used in the light-absorbing layer. Specifically,
the Si photovoltaic cell uses Si for the light-absorbing
layer, and the chemical photovoltaic cell uses CuInSe2
(CIS) or cadmium telluride (CdTe) for the light-absorbing
layer. In the dye-sensitized photovoltaic cell, photosen-
sitive dye molecules are adsorbed on the surface of nano
particles of a porous film, and electrons are activated
when the photosensitive dye molecules absorb visible
light. The tandem photovoltaic cell has a plurality of amor-
phous Si layers stacked on one another. In addition, pho-
tovoltaic cells are also divided into bulk type photovoltaic
cells (including single crystalline and polycrystalline
types) and thin film type photovoltaic cells (including
amorphous and microcrystalline types).
[0004] At present, bulk type photovoltaic cells using
polycrystalline Si occupy 90% or more of the entire mar-
ket. However, the bulk type crystalline Si photovoltaic
cell has a problem in that the unit cost for photovoltaic
power generation is expensive, i.e. 3 to 10 times as great
as the cost of thermal power generation, atomic power
generation, hydraulic power generation, or the like. This

is because the bulk type crystalline Si photovoltaic cell
uses a large amount of Si as a raw material, which is
expensive, and because the complicated manufacturing
process increases the cost of manufacture.
[0005] In order to solve such problems, recently, thin
film photovoltaic cells using amorphous Si (a-Si: H) and
microcrystalline Si (mc-Si: H) are being developed and
commercially distributed.
[0006] In the meantime, a transparent conductive film
(typically, a TCO film) used in photovoltaic cells is re-
quired to exhibit high light transmittance, high conductiv-
ity, and a high light-trapping effect. In particular, a tandem
type thin film photovoltaic cell (see Fig. 7) is required to
have high light transmittance and a high haze value in a
wide wavelength band ranging from 350nm to 1200nm.
In addition, when the light-absorbing layer is formed in
the transparent conductive film, resistance to hydrogen
plasma is also required.
[0007] The transparent conductive film that is most
widely used for photovoltaic cells at present is a conduc-
tive film that contains tin oxide (SnO2) as the major com-
ponent. However, the SnO2 transparent conductive film
has limitations due to its material properties. That is, it
exhibits a low light transmittance in a long-wavelength
range of 900nm or more, which leads to low photoelectric
transformation efficiency of photovoltaic cells. It also has
a low electrical conductivity and a low transmittance of
about 70%. In addition, the SnO2 transparent conductive
film suffers from an increase in resistance and a decrease
in transmission characteristic because its surface is dam-
aged by the formation of a large amount of hydrogen
plasma when p-type Si is deposited during the process-
ing of photovoltaic cells.
[0008] In addition, indium tin oxide (ITO), which is used
for the transparent conductive film together with SnO2,
satisfies the requirements for high light transmittance of
80% or higher and an excellent electrical conductivity of
10-4Ωcm. However, ITO also has problems in that the
price of the rare raw material In, which is used as the
major component, is continuously increasing, and in that
In exhibits a high reduction rate in the hydrogen plasma
processing and resultant chemical instability.
[0009] In order to solve such problems, the develop-
ment of a transparent conductive film that can replace
the transparent conductive films having SnO2 or In as
the major component thereof is underway. Recently,
there has been strong interest in zinc oxide (ZnO) as the
ideal material. ZnO has an advantage in that its electro-
optical properties are readily adjustable depending on
the doping material, since it can be easily added and has
a narrow conduction band. In addition, a transparent con-
ductive film having ZnO as the major component is stable
in hydrogen plasma processing, is manufactured at a low
cost, and has high light transmittance.
[0010] Such a ZnO transparent conductive film is man-
ufactured by chemical vapor deposition (CVD). However,
the surface of the ZnO transparent conductive film, which
is manufactured by CVD, is configured such that it has
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very sharp grooves. This sharp groove structure, how-
ever, acts as a source for defects during the deposition
of amorphous Si, ultimately becoming a cause of de-
creased efficiency of the photovoltaic cell to which the
ZnO transparent conductive film is applied.
[0011] The transparent conductive film used as the
transparent electrode of a photovoltaic cell is required to
exhibit high transmittance, high conductivity, and a high
haze value. However, the ZnO transparent conductive
film has the problem of structural defects caused by the
groove structure in the surface, as mentioned above, de-
spite the increase in hazing attributable to the groove
structure.
[0012] The information disclosed in this Background
of the Invention section is only for the enhancement of
understanding of the background of the invention, and
should not be taken as an acknowledgment or any form
of suggestion that this information forms a prior art that
would already be known to a person skilled in the art.

BRIEF SUMMARY OF THE INVENTION

[0013] Various aspects of the present invention pro-
vide a method of manufacturing a substrate for a photo-
voltaic cell, in which a high optical characteristic in a long-
wavelength range available for the photovoltaic cell can
be maintained and, at the same time, the value of hazing
can be increased.
[0014] In an aspect of the present invention, provided
is a method of manufacturing a substrate for a photo-
voltaic cell. The method includes the steps of: forming a
zinc oxide (ZnO) thin film layer doped with a dopant on
a transparent substrate, and controlling the surface struc-
ture of the zinc oxide thin film layer by etching the zinc
oxide thin film layer using hydrogen plasma.
[0015] In an embodiment, the hydrogen plasma may
selectively etch the (11-20) plane of the ZnO thin film
layer.
[0016] In an embodiment, the etching the ZnO thin film
layer using the hydrogen plasma may be carried out at
a temperature ranging from room temperature to 300˚C
for 1 to 30 minutes.
[0017] In an embodiment, the hydrogen plasma may
dope the ZnO thin film layer with hydrogen.
[0018] In an embodiment, the hydrogen plasma may
form a hydrogen passivation film on the ZnO thin film
layer.
[0019] In an embodiment, the ZnO thin film layer may
be formed via chemical vapor deposition (CVD).
[0020] In an embodiment, the dopant may be one or
a combination of at least two selected from a group of
candidate substances consisting of gallium, aluminum,
boron, indium, silicon and titanium.
[0021] Here, the dopant may be added in an amount
ranging from 131018/cm3 to 531022/cm3.
[0022] In addition, the dopant may be added in an
amount ranging from 0.1wt% to 0.5wt%.
[0023] In an embodiment, the step of controlling the

surface structure of the ZnO thin film layer may be carried
out in a vacuum chamber, the pressure in the vacuum
chamber being maintained at 1310-4torr or less.
[0024] In an embodiment, the intensity of the hydrogen
plasma may be adjusted by the application of radio-fre-
quency power in a range from 10W to 800W.
[0025] In an embodiment, the method may further in-
clude the step of, after the controlling the surface struc-
ture of the ZnO thin film layer is completed, forming a
light-absorbing layer on the ZnO thin film layer.
[0026] In another aspect of the present invention, also
provided is a substrate for a photovoltaic cell. The sub-
strate includes a transparent substrate and a ZnO thin
film layer formed on the transparent substrate, the ZnO
thin film layer being doped with a dopant. The (11-20)
plane of the ZnO thin film layer is selectively etched by
hydrogen plasma, and the ZnO thin film layer is doped
with hydrogen due to the hydrogen plasma, so that a
hydrogen passivation film is formed thereon.
[0027] According to embodiments of the invention, it
is possible to maintain a high optical characteristic in a
long-wavelength range of 800nm or more, which is avail-
able for the photovoltaic cell, while increasing the value
of hazing.
[0028] Furthermore, it is possible to control the surface
structure of ZnO by processing it using hydrogen plasma,
thereby preventing defects from occurring during the
growth of an amorphous Si layer and eventually improv-
ing the efficiency of the photovoltaic cell to which the
substrate is applied.
[0029] The methods and apparatuses of the present
invention have other features and advantages which will
be apparent from, or are set forth in greater detail in the
accompanying drawings, which are incorporated herein,
and in the following Detailed Description of the Invention,
which together serve to explain certain principles of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a schematic view comparatively de-
picting statuses before and after etching in order to ex-
plain the surface control mechanism on a zinc oxide
(ZnO) thin film layer due to the etching using hydrogen
plasma according to an embodiment of the invention;
[0031] FIG. 2 is pictures of ZnO thin films taken based
on variation in the intensity of hydrogen plasma according
to an embodiment of the invention;
[0032] FIG. 3 is a graph depicting variation in the trans-
mittance of ZnO thin film layers based on variation in the
intensity of hydrogen plasma according to an embodi-
ment of the invention;
[0033] FIG. 4 is a graph depicting variation in the
amount of hazing of ZnO thin film layers based on vari-
ation in the intensity of hydrogen plasma according to an
embodiment of the invention;
[0034] FIG. 5 is graphs depicting the results of XRD
measurement on ZnO thin film layers based on variation
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in the intensity of hydrogen plasma according to an em-
bodiment of the invention; and
[0035] FIG. 6 is a graph depicting variation in the sheet
resistance of ZnO thin film layers based on variation in
the intensity of hydrogen plasma according to an embod-
iment of the invention.
[0036] FIG. 7 shows a photovoltaic cell.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Hereinafter, the method of manufacturing a
substrate for a photovoltaic cell of the invention will be
described more fully with reference to the accompanying
drawings, in which exemplary embodiments thereof are
shown.
[0038] In the following description of the present in-
vention, detailed descriptions of known functions and
components incorporated herein will be omitted when
they may make the subject matter of the present inven-
tion unclear.
[0039] The method of manufacturing a substrate for a
photovoltaic cell according to an embodiment of the in-
vention is a method of manufacturing the substrate for
the photovoltaic cell, which uses zinc oxide (ZnO) as a
transparent electrode, and includes the step of forming
a ZnO thin film layer and the step of controlling the surface
structure of the ZnO thin film layer.
[0040] First, the step of forming the ZnO thin film layer
is the step of forming the ZnO thin film layer doped with
a dopant on a transparent substrate. In this step, the ZnO
thin film layer doped with the dopant is formed on the
transparent substrate by chemical vapor deposition
(CVD).
[0041] The transparent substrate may be selected
from any transparent substrates, as long as they have
excellent light transmittance and excellent mechanical
properties. For example, the transparent substrate can
be made of a polymeric material, such as a thermally
curable organic film or an ultraviolet (UV)-curable organic
film, or chemically tempered glass, such as sodalime
(SiO2-CaO-Na2O) glass or aluminosilicate
(SiO2-Al2O3-Na2O) glass. The amounts of Na and Fe
may be adjusted depending on the application. Here, the
term, "transparent" means that transmittance is prefera-
bly 70% or more.
[0042] The dopant is added in order to improve the
electrical characteristics of ZnO. The dopant may be one
or a combination of at least two selected from among,
but not limited to, gallium (Ga), aluminium (Al), boron (B),
indium (In), silicon (Si) and titanium (Ti). It is preferred
that the amount of the dopant added to the ZnO thin film
layer range from 131018/cm3 to 531022/cm3. In addition,
it is preferred that the dopant is added in an amount rang-
ing from 0.1wt% to 0.5wt%.
[0043] As shown in FIG. 1 (a) and FIG. 2 (a), the ZnO
thin film layer formed by the CVD forms sharp V-shaped
grooves (only one is shown) in the surface thereof. If a
light-absorbing layer, for example, amorphous Si, is

grown on the ZnO thin film layer having the V-shaped
groove structure, the amorphous Si is grown symmetri-
cally in the central portion of the V-shaped groove, so
that the crystal growth planes of the amorphous Si even-
tually collide in the central portion of the groove, thereby
creating defects. Therefore, in the method according to
an embodiment of the invention, the ZnO thin film layer
is subjected to hydrogen plasma etching in order to pre-
vent this problem.
[0044] Thus, the step of controlling the surface struc-
ture of the ZnO thin film layer, which is carried out after
the step of forming the ZnO thin film layer, is the step of
controlling the surface structure of the ZnO thin film layer
by etching it using hydrogen plasma. As shown in FIG.
1 (b), this step converts the V-shaped groove structure
in the surface of the ZnO thin film layer into a U-shaped
groove structure by the hydrogen plasma etching, there-
by suppressing the collision between the crystal growth
planes of the amorphous Si and preventing defects from
occurring. Here, the hydrogen plasma selectively etches
the (11-20) plane of the ZnO, thereby smoothing the sur-
face of the ZnO. The hydrogen plasma etching can be
carried out at a temperature ranging from room temper-
ature to 300˚C for a period ranging from 1 to 30 minutes.
[0045] Here, the hydrogen plasma etching on the ZnO
thin film layer may be carried out right after the formation
of the ZnO thin film layer, either in the same chamber in
which the ZnO thin film layer was formed or in a separate
processing chamber, or may be carried out in a process-
ing chamber in which the light-absorbing layer is to be
deposited, before the deposition of the light-absorbing
layer.
[0046] It is preferred that the pressure in the process-
ing chamber in which the hydrogen plasma etching is
conducted be maintained at 1310-4torr or less. The hy-
drogen plasma is produced by the flow of hydrogen gas,
which is blown into the processing chamber, and radio-
frequency (RF) power. Here, the intensity of hydrogen
plasma may be controlled by the RF power that is applied
in the range from 10W to 800W.
[0047] In this hydrogen plasma etching, the ZnO thin
film layer may be doped with hydrogen ion (H+). In addi-
tion, during the hydrogen plasma etching, a hydrogen
passivation film may be formed on the ZnO thin film layer.
[0048] When the step of controlling the surface struc-
ture is finished, the substrate for the photovoltaic cell ac-
cording to an embodiment of the invention is manufac-
tured. Thus, the substrate for the photovoltaic cell in-
cludes the transparent substrate and the dopant-doped
ZnO thin film layer formed on the transparent substrate.
In the resultant ZnO thin film layer, the (11-20) plane is
selectively etched by the hydrogen plasma. The ZnO thin
film layer is doped with hydrogen due to the hydrogen
plasma etching, and has the hydrogen passivation film
formed on the surface thereof.
[0049] With reference to the figures, a description will
be given below of changes in the properties of the ZnO
thin film layer based on the intensity of hydrogen plasma
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according to an embodiment of the invention.
[0050] First, FIG. 2 is pictures of ZnO thin films based
on variation in the intensity of hydrogen plasma, taken
using an electron microscope. In FIG. 2, part (a) is a
picture that shows the surface structure of the ZnO thin
film layer before being etched by hydrogen plasma. In
FIG. 2 (a), the crystal particles are relatively coarse, and
the average particle size is 600nm. In addition, it can be
appreciated that sharp V-shaped grooves are formed
throughout the surface. FIG. 2 (b) to (d) are pictures
showing the surface structures of the ZnO thin film layers
after being etched by hydrogen plasma by applying dif-
ferent intensities of RF power. FIG. 2 (b) is a picture in
which the RF power was 100W, FIG. 2 (c) is a picture in
which the RF power was 200W, and FIG. 3(d) is a picture
in which the RF power was 500W. It can be appreciated
that the size of the crystal particles decreases and the
surface structures are converted more smoothly with in-
creasing intensity of the hydrogen plasma.
[0051] FIG. 3 is a graph depicting variation in the trans-
mittance of ZnO thin film layers based on variation in the
intensity of hydrogen plasma. It can be appreciated that
the transmittance is not significantly influenced when the
intensity of the hydrogen plasma is changed. It is deter-
mined that the transmittance remains constant when the
surface structure of the ZnO is changed using the hydro-
gen plasma.
[0052] FIG. 4 is a graph depicting variation in the
amount of hazing of ZnO thin film layers based on vari-
ation in the intensity of hydrogen plasma. It can be ap-
preciated that, when the hydrogen plasma etching ac-
cording to an embodiment of the invention is carried out,
the size of crystal particles decreases with increasing
intensity of the hydrogen plasma, and the surface struc-
ture of ZnO is converted into a smoother shape. In addi-
tion, as the particle size is decreased, the value of hazing
is increased from 11.3%, before the hydrogen plasma
etching, to 13.5%, after the application of 200W of RF
power. The value of hazing and the transmittance are
generally in a trade-off relationship with each other. It
can be determined, however, that the transmittance re-
mains constant irrespective of the changing values of
hazing according to this embodiment.
[0053] FIG. 5 is graphs depicting the results of XRD
measurement on ZnO thin film layers based on variation
in the intensity of hydrogen plasma. Based on these re-
sults, changes in the crystallinity of the ZnO thin film lay-
ers can be appreciated. As shown in FIG. 5, it can be
appreciated that the intensity of the (11-20) decreases
with increasing intensity of the hydrogen plasma, that the
intensity of the (0002) plane is relatively increased, and
that the ratio of the intensity of the (11-20) plane to the
(0002) plane is decreased to approximately 43%. There-
fore, it can be determined that the hydrogen plasma se-
lectively etches the (11-20) plane. Due to the selective
hydrogen plasma etching, the surface structure of the
ZnO thin film layer is smoothly controlled.
[0054] FIG. 6 is a graph depicting variation in the sheet

resistance of ZnO thin film layers based on variation in
the intensity of hydrogen plasma. It can be appreciated
that the sheet resistance decreases with increasing in-
tensity of the hydrogen plasma.
[0055] When the ZnO thin film layer is etched using
the hydrogen plasma, the surface structure is smoothed.
This can consequently suppress defects from occurring
in amorphous Si, which will be deposited in subsequent
processing, increase the value of hazing without having
to decrease light transmittance, and decrease the sheet
resistance. Accordingly, the efficiency of the photovoltaic
cell to which the substrate is applied can be increased.
[0056] The foregoing descriptions of specific exempla-
ry embodiments of the present invention have been pre-
sented with respect to the certain embodiments and
drawings. They are not intended to be exhaustive or to
limit the invention to the precise forms disclosed, and
obviously many modifications and variations are possible
for a person having ordinary skill in the art in light of the
above teachings.
[0057] It is intended therefore that the scope of the
invention not be limited to the foregoing embodiments,
but be defined by the Claims appended hereto and their
equivalents.

Claims

1. A method of manufacturing a substrate for a photo-
voltaic cell, comprising:

forming a zinc oxide thin film layer doped with a
dopant on a transparent substrate; and
controlling a surface structure of the zinc oxide
thin film layer by etching the zinc oxide thin film
layer using hydrogen plasma.

2. The method of claim 1, wherein the hydrogen plasma
selectively etches a (11-20) plane of the zinc oxide
thin film layer.

3. The method according to any one of the preceding
claims, wherein the etching the zinc oxide thin film
layer using the hydrogen plasma is carried out at a
temperature ranging from room temperature to
300˚C for 1 to 30 minutes.

4. The method according to any one of the preceding
claims, wherein the hydrogen plasma is applied such
as to make the zinc oxide thin film layer doped with
hydrogen.

5. The method according to any one of the preceding
claims, wherein the hydrogen plasma is applied such
as to make a hydrogen passivation film formed on
the zinc oxide thin film layer.

6. The method according to any one of the preceding
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claims, wherein the zinc oxide thin film layer is
formed by chemical vapor deposition.

7. The method according to any one of the preceding
claims, wherein the dopant comprises at least one
selected from a group of candidate substances con-
sisting of gallium, aluminum, boron, indium, silicon
and titanium.

8. The method according to any one of the preceding
claims, wherein the dopant is added in an amount
ranging from 131018/cm3 to 531022/cm3.

9. The method according to any one of the preceding
claims, wherein the dopant is added in an amount
of 0.1 - 0.5 wt%.

10. The method according to any one of the preceding
claims, wherein the controlling the surface structure
of the zinc oxide thin film layer is carried out in a
vacuum chamber, wherein a pressure in the vacuum
chamber is maintained at 1310-4torr or less.

11. The method according to any one of the preceding
claims, wherein an intensity of the hydrogen plasma
is adjusted by application of radio-frequency power
in a range from 10W to 800W.

12. The method according to any one of the preceding
claims, further comprising, after the controlling the
surface structure of the zinc oxide thin film layer is
completed, forming a light-absorbing layer on the
zinc oxide thin film layer.

13. A substrate for a photovoltaic cell, comprising a
transparent substrate and a zinc oxide thin film layer
formed on the transparent substrate, the zinc oxide
thin film layer being doped with a dopant,
wherein a (11-20) plane of the zinc oxide thin film
layer is selectively etched by hydrogen plasma, and
the zinc oxide thin film layer is doped with hydrogen
by the hydrogen plasma, such that a hydrogen pas-
sivation film is formed thereon.
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